Objective: To investigate HIV incidence during a trial of two voluntary counselling and testing (VCT) strategies. Counselling may promote beneficial behavioural change, although knowledge of negative status does not appear to contribute further benefit.
Introduction
Antiretroviral roll-out in sub-Saharan Africa has been accompanied by massive scale-up of voluntary counselling and testing (VCT) capacity and activity during the last few years [1] [2] [3] . Despite wide implementation, surprisingly little is known about the behavioural impact of VCT in Africa, or how to maximize its potential for HIV prevention. Knowledge of serostatus, with counselling, can in theory reduce transmission from HIV-positive clients, and HIV incidence among HIV-negative clients [4] [5] [6] [7] [8] [9] [10] . Brief counselling with personalized risk reduction can reduce the risk of sexually transmitted infections (STIs) [11] , and reduced numbers of sexual partners and increased condom use following knowledge of serostatus have been consistently demonstrated for HIV-positive clients and discordant couples [4] [5] [6] [7] [8] [9] [10] . However, there is much less evidence for beneficial behavioural change from knowledge of negative serostatus [5] [6] [7] [8] [9] [10] .
We have previously reported high VCT uptake in a workplace intervention providing on-site counselling and testing with same-day results to employees of 11 businesses in Harare, Zimbabwe, evaluated in a clusterrandomized trial [12] . This intensive VCT strategy achieved a 51% VCT uptake at the total workforce level compared to a 4% VCT uptake in 11 other businesses randomly allocated an alternative (standard) strategy providing pre-paid vouchers for external free-standing VCT centres [12] . During the trial, which was linked to provision of basic HIV care at the workplace and primarily concerned with VCT uptake and subsequent health outcomes, blood for anonymous HIV testing was requested twice from all employees; once at enrolment and once at the end of a 2-year intervention period at each business.
The main aim of this retrospective secondary analysis was to investigate whether delivery of counselling and testing to a high proportion of HIV-negative employees reduced HIV incidence in the intensive VCT arm. The design of the parent trial allows assessment of the combined effect of both counselling and knowledge of serostatus.
Methods
Twenty-two businesses were recruited, categorized into three strata according to absenteeism rates, and randomly allocated to either intensive or standard VCT, with randomization stratified by absenteeism category [12] . All employees expected to remain employed for at least 3 months were invited for interview and offered VCT according to the allocated strategy. Intensive VCT was modelled on UNAIDS recommendations [3] , except that couple-counselling and testing was not possible unless both partners were employed by the same company. Participants had pre-test counselling, risk assessment, testing, results and post-test counselling with risk reduction planning on the same day. Follow-up counselling and repeat VCT were available. Participants at businesses randomized to standard VCT had pre-test counselling and risk assessment and were then given a pre-paid voucher to a chain of free-standing VCT providers using similar counselling and testing methods. A 2-week appointment was given to discuss their results and risk reduction plan. Employees who had not used their voucher by 2 weeks were actively followed-up and given up to two further reminders and follow-up appointments before being considered not to have completed VCT [12] .
VCT was linked to the same package of basic workplace HIV care provided for 2 years at each business, with the intervention finishing in July 2004 [12] . Free condoms were available throughout the intervention. New employees were enrolled and offered VCT. Counselling was conducted by experienced nurse-counsellors who underwent in-house training, and used checklists to standardize their approach. Sessions were periodically observed by a supervisor, who also conducted exit interviews. Debriefing meetings and refresher training were held every 2 weeks and 6 months respectively.
Demography and anonymous HIV tests
All employees, whether accepting VCT or not, were asked to complete a questionnaire and provide venous or finger-prick blood or oral mucosal transudate (OMT) for anonymous HIV testing, with written informed consent, at both enrolment and the finish of the intervention. Results of anonymous HIV tests were not made available to participants or clinic staff. The option of OMT was only provided at the exit survey, and limited to participants who declined to give blood.
Laboratory methods
On-site VCT was carried out by trained nursecounsellors using parallel Determine and Unigold with either venous or finger-prick blood. Anonymous HIVtesting used Determine (Abbott, Wiesbaden, Germany) for blood and Vironostika II plus O (bioMerieux, Inc., Durham, North Carolina, USA) for OMT. One in 10 specimens were retested for quality assurance [Unigold; (Trinity Biotech, Dunblane, Scotland) for serum specimens; Vironostika II plus O for dried blood spots and OraQuick (OraSure Technologies, Inc., Bethlehem, Pennsylvania, USA) for OMT]. All specimens were stored at À208C.
Anonymous HIV specimens were allocated a laboratory number recorded on two forms: one with the study identity number (linking data) and one on which results were recorded (results data). These were separated before tests were run and stored apart. Serial HIV results were merged with other data into one record per person using the linking file and a written computer program that immediately deleted all personal identifiers other than laboratory numbers, to preserve complete confidentiality. Stored enrolment and end-of-intervention specimens from otherwise unidentified individuals with apparent seroconversion were checked for data errors and retested with Determine, Unigold and Vironostika II plus O for serum and dried blood spots, and Vironostika II plus O and OraQuick for OMT. HIV-positivity at baseline and follow-up was defined by reactivity to at least two of the three tests for serum and dried blood spots, and to both of the tests for OMT.
Ethical considerations
Written informed consent was obtained from all participants, including consent for secondary analysis of HIV results. The trial was approved by the Ethics Committees of the London School of Hygiene and Tropical Medicine and the Medical Research Council of Zimbabwe (MRCZ), Harare.
Data analysis
HIV incidence was not an outcome of the VCT trial, and so no power studies were performed before analysis. A cohort was constructed from all initially HIV-negative participants who provided specimens at the end of intervention. Time-at-risk was defined as the interval between the two tests. Unadjusted HIV incidence was calculated for each site per 100 person-years follow-up (PYFU). Multivariable Poisson regression analysis was used to control for the stratified randomization and other potential confounders, and to predict the expected number of events. The ratio of observed and expected numbers of events [standardized incidence ratio (SIR)] for each site was then calculated as the outcome measure [13] .
Based on cluster-randomized trial methodology, the data were reduced to 22 records [13, 14] . Wilcoxon rank sum and t-tests were used to compare the incidence and SIR between the two arms of the trial. Relative risk estimates were calculated as the outcome value in the on-site arm divided by the outcome value in the off-site arm, and 95% confidence intervals (CI) obtained by the delta method. Individual level analyses and comparison of characteristics of participants used robust standard errors that took clustering at workplace level into account [15] .
Results

Participation
The study profile is given in Fig. 1 . There were no significant differences between randomization arms, with 95.4 and 93.2% of initially HIV-negative employees in the standard and intensive VCT arms, respectively, who were still in employment consenting to anonymous HIV testing at the end of intervention. Loss to follow-up before the second HIV test was 32.2 and 30.3%, respectively, in the intensive and standard arms, mainly because of leaving employment. The 77 available and initially HIV-negative employees who declined the second HIV test were significantly more likely to have a non-manual job (48.1 versus 20.6% of participants, P adjusted for clustering by site < 0.001) but otherwise were similar to participants: 24 had accepted VCT (all from the intensive arm, and with negative results).
HIV incidence was analysed among 2966 initially HIVnegative employees. There were no significant differences in baseline characteristics between the two randomization arms, which are shown in Table 1 . VCT uptake during the previous 2 years had been significantly different, with mean uptake per site of 70.7% in the 11 businesses randomized to intensive VCT and 5.2% at the 11 businesses randomized to standard VCT (P < 0.001). At the standard VCT businesses a mean of 17.1% of cohort participants accepted pretest counselling and risk assessment but did not subsequently attend for testing (incomplete VCT). Mean VCT uptake in the current cohort was higher than at the workforce level (which was 51.1 and 4.3% respectively [12] ) in both arms, reflecting higher VCT uptake by employees who consented to anonymous HIV testing at enrolment than in nonparticipants.
HIV incidence rates
Sixty-one seroconverters were identified during 5022 person-years follow-up (crude HIV incidence 1.21 per 100 PYFU; 95% CI, 0.92-1.64). HIV incidence was higher in the intensive VCT arm (mean per-site HIV incidence 1.37 per 100 PYFU) than in the standard VCT arm (mean per-site HIV incidence 0.95 per 100 PYFU), but the difference was not significant (unadjusted relative risk 1.44; 95% CI, 0.77-2.71) as shown in Table 2 .
Multivariate adjustment for potential confounders did not substantially affect the results, with the adjusted relative risk for seroconversion being 1.49 (95% CI, 0.79-2.80) for intensive compared to standard VCT provision ( Table 2 ). Figure 2 shows a scatter-plot of seroconversion rates by uptake of VCT among cohort participants for the 11 businesses in each randomization arm, illustrating the major difference in acceptability of VCT with no apparent relationship to HIV incidence. Repeating the analysis having excluding the site with the highest HIV incidence in each arm (so removing the potential outlier from the intensive VCT arm) reduced the difference between arms to an unadjusted rate ratio of 1.30 (95% CI, 0.75-2.22) and an adjusted rate ratio of 1.28 (95% CI, 0.76-2.19). Table 3 . On univariate analysis the seroconversion rates varied significantly by marital status. Individuals who had accepted VCT had higher HIV incidence than those who did not, but not significantly so (incidence rate ratio 1.34; 95% CI, 0.88-2.06). HIV incidence did not vary significantly by specimen type (data not shown), which were predominantly venous blood (78% of specimens: no significant differences between randomization arms). On multivariate analysis, age less than 25 years (incidence rate ratio compared to 35 to 44 year olds, 2.71; 95% CI, 1.23-5.94) and being widowed (incidence rate ratio 7.59; 95% CI, 2.34-24.65) were significantly associated with seroconversion.
Individual level analysis of risk factors for seroconversion is shown in
Discussion
This study showed no significant difference in HIV incidence among HIV-negative employees under two randomly allocated, workplace-based VCT strategies, despite a major difference in acceptability [12] . HIV incidence in the 11 businesses of the intensive VCT arm, in which mean uptake of VCT by the current cohort participants was 70.7%, was non-significantly higher than in the 11 businesses of the standard VCT arm, where mean uptake of VCT was only 5.2%. The apparent lack of a benefit is consistent with our previous finding that high-risk behaviour in the first 3 months after VCT was common and not significantly different from that preceding VCT on routine follow-up of HIVnegative VCT clients in the intensive arm of this study [16] .
The study design, with near equal participation in baseline and follow-up HIV testing under the two randomization arms and a biological outcome measure, provides an unusually rigorous assessment of the impact of intensive promotion of VCT, and is the first randomized trial to report HIV incidence under different VCT strategies in Africa. In addition to gaining knowledge of serostatus, VCT acceptors in the current study received counselling with personalized risk reduction planning, an intervention shown to reduce the incidence of STIs compared to didactic health information in an American randomized trial [11] . As such the results are particularly disappointing. They are, however, in agreement with a large body of research, mostly from the United States, indicating that HIV testing has little effect on risk-taking or incidence of STIs among individual HIV-negative clients [5] . Behavioural change following knowledge of serostatus, in some cases supported by reduced incidence of STIs, appears to be pronounced among HIV-positive Uptake of VCT within HIV incidence cohort (%) HIV incidence (per 100 PYFU) Fig. 2 . HIV incidence, according to uptake of voluntary counselling and testing (VCT) in HIV incidence cohort participants and allocated VCT strategy, at each of the 22 businesses. Each circle represents a business allocated to intensive VCT, and each triangle denotes a business allocated to standard VCT. Only participants who confirmed use of vouchers by their third follow-up (completed VCT) are considered as having accepted VCT in the standard arm. The figure illustrates the major difference between uptake under the two VCT strategies, with no apparent relationship between VCT uptake and subsequent HIV incidence. There was no significant heterogeneity between sites. However, reanalysis after excluding the business with the highest HIV incidence in each VCT arm is presented in the Results section. PYFU, person-years of follow-up. individuals [5] and discordant couples [5, 8, 9, 17, 18] . Policies in the United States have changed in response to these findings, from targeting the uninfected to greater emphasis on early identification and treatment of HIVpositive individuals [19] .
In Africa, where the need for effective HIV prevention is greatest, there have been relatively few studies investigating the outcome of VCT among HIV-negative individuals [7, 8, [20] [21] [22] , apart from those demonstrating beneficial impact in discordant couples [8, 9, 17, 18] . A randomized trial comparing VCT and health information without testing reported greater behavioural change among those allocated VCT [8] . Results were not presented separately by serostatus, although it was noted that the greatest change was in HIV-positive men and discordant couples. Sustained behavioural change has been reported in studies delivering health information, education and counselling at the population or cohort level [23] [24] [25] [26] . By contrast, observational studies in Africa have reported no difference in subsequent behaviour and biological outcomes when HIV-negative VCT acceptors are compared to non-acceptors, although such comparisons may be confounded by factors affecting VCT acceptance [20] [21] [22] .
This study has a number of limitations. Importantly, we cannot comment on the overall HIV prevention impact of the intensive VCT arm because onward transmission from HIV-positive employees could not be investigated with the current study design. Based on results of other studies, however, behavioural change among HIVpositive clients identified through VCT is likely to have made the most substantial contribution towards HIV prevention [4] [5] [6] [7] [8] [9] [10] . Behavioural data were collected only during pre-VCTrisk assessment, and so were not available for all participants. HIV incidence was not a planned outcome of the VCT trial (which was instead focused on HIV-related morbidity) and, at these relatively low HIV incidence rates, only major differences between arms would have reached significance. Our participants were predominantly male, and couple counselling was not part of this intervention. Several factors may have diluted the difference between the two VCT strategies, including non-acceptance of VCT in almost one-third of the intensive arm. VCT may have occurred outside the intervention, particularly in the standard arm, but is unlikely to have been a frequent event as out-of-study VCT manifesting as individuals presenting for HIV care was very uncommon. Health information, provided to all employees, and pre-test counselling, provided to participants who took pre-paid vouchers but did not complete VCT in the standard arm, may also have generally reduced HIV incidence. HIV incidence appears to be in decline in Zimbabwe [23, 27, 28] , and our HIV incidence estimates are substantially lower than those reported from similar types of businesses in Harare during the early to mid-1990s [29] .
The widespread implementation of VCT in Africa has many benefits [3] but is currently being delivered with maximized acceptability, not HIV prevention outcome, as the prime concern. Rapid HIV-testing with same day results is being strongly promoted [1] [2] [3] . This is the second randomized trial of outcomes in HIV-negative clients after VCT with rapid-testing: an American individually randomized trial demonstrated better acceptability but a significantly higher STI incidence in some sub-groups when VCTwith rapid testing was compared with delayed receipt of HIV results [30] . These and our results clearly demonstrate that the acceptability and behavioural impact of VCT are distinct outcomes, at least for HIV negative clients, that may vary independently under different approaches to providing VCT. Whereas the impact of rapid HIV-testing on acceptability is well described [1] [2] [3] , we have little understanding of the behavioural consequences for HIV-negative clients [30] . Although the contribution from VCT towards HIV prevention comes primarily from identification of HIV-positive clients [4] [5] [6] [7] [8] [9] [10] , the majority of clients in most locations will be HIV-negative. With global scale-up the need for research to inform and maximize the benefits and minimize any potential harm from VCT is all the more imperative.
